Introduction
The indications and benefits of mitral valve repair are ingrained in current clinical practice [1, 2] . It is clear that mitral valve repair offers desirable long term profile with freedom from the durability and anticoagulation issues of mitral valve prostheses [3] . Therefore techniques of repair have become an important part of a surgeon's skill set and as a result the types of repairs and the types of valves deemed suitable for repair are becoming increasingly complex and broad respectively [2] .
One example of this is in the setting of infective endocarditis where there are a number of pertinent issues to contend with. Infective endocarditis is a heterogeneous disease with high mortality, and surgery is frequently indicated for patients with valvular heart failure, uncontrolled infection or embolic prevention [4] . Firstly, there is the primary issue of microbial contamination of the native valve and therefore a desire to minimise the amount of prosthetic material implanted. Secondly, is the degree to which infective processes can disrupt the anatomy of the valve. Finally, the demographics of patients affected by infective endocarditis tend to be different than those affected with other aetiologies of valve dysfunction (i.e. they tend to be include younger patients) [5] and therefore may have more to gain from a successful mitral valve repair. With this in mind the rationale for attempting mitral valve repair in infective endocarditis is clear. However this must International Cardiovascular Forum Journal 13 (2018) DOI: 10.17987/icfj.v13i0.504
be balanced against the likelihood of a successful repair in the long term.
A number of retrospective non-controlled studies have reported on outcomes of mitral valve replacement versus mitral valve repair in the setting of infective endocarditis with mixed results. Therefore a review of literature and meta-analysis was performed with the aim of providing short and medium term outcome data of mitral valve repair and mitral valve replacement in the setting of infective endocarditis.
Materials And Methods

Literature Search
This meta-analysis was conducted following the PRISMA guidelines. Five electronic databases, including MEDLINE, EMBASE, PubMed, Cochrane Central Register for Controlled Trials (CENTRAL), and Web of Science, were searched for original studies from January 1 1980 to June 30 2018. The search terms used were "mitral", or "mitral valve"; and "repair", "replacement", "surgery", or "operation"; and "endocarditis", or "infective endocarditis". The search terms were supplemented with corresponding MeSH terms, where possible. The reference lists of retrieved articles were also screened for potentially relevant studies. Two reviewers (MTMW and TKMW) independently conducted the search and evaluated studies for inclusion. Discrepancies were then resolved by discussion and consensus.
Inclusion and exclusion criteria
Original studies reporting both mitral valve repair and replacement outcomes, with more than twenty adult human subjects total (over 18 years of age), more than ten patients per surgical arm (repair or replacement) and reporting mortality outcomes were eligible for inclusion. Editorials, reviews and expert opinions were excluded.
Data Extraction
Data extraction was conducted independently by two reviewers (MTMW and TKMW), using standardised forms. Discrepancies were resolved by discussion and consensus. Data were extracted on study design, baseline characteristics, and outcome measures. Outcomes of interests include mortality, stroke, recurrent endocarditis and redo-operations at operative (in-hospital or 30 days), 1-year and 5-years where available.
Statistical analysis
Statistical analysis was conducted using Review Manager Version 5.3 (Cochrane Collaboration, Oxford, England). Effect measures for dichotomous data were estimated using odds ratios (OR) with the Mantel-Haenszel statistical method, and weighted mean differences (WMD) used for the analysis of continuous data, with 95% confidence intervals reported for both types of measures, unless otherwise stated. Odds ratios were calculated to represent the odds of an event occurring in the mitral valve repair group compared to the replacement group, with a point estimate of <1.0 indicating a lower event rate in the mitral valve repair group. In order to account for potential clinical diversity and methodology variation between studies, random effects statistical modelling was utilised. The I^2 statistic was used as an indication of the degree in which the total variation across the aggregated studies was a result of heterogeneity instead of chance, and values of >50% were considered to represent considerable heterogeneity. All tests were two tailed and P<0.05 was considered significant. Figure 1 summarizes the study selection process. 4,527 articles were obtained from the literature search. Following abstract evaluation and exclusion, 121 full-text articles were reviewed. Eighteen studies reporting both mitral valve repair and replacement outcomes, involving 12,339 patients (3,390 repairs, 8,948 replacements), were included for the analyses [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Table  1 lists the characteristics of included studies. Due to clinical characteristics being inconsistently reported across studies they are not separately reported here.
Results
Operative mortality was significantly lower among the mitral valve repair group compared to the replacement group in 17 studies 4.0% versus 10.5%, OR 0.37 (0.29-0.48), P<0.001; figure 2(a). OR (95% confidence intervals) for in-hospital stroke and renal failure were 0.65 (0.50-0.84) in seven studies and 0.42 (0.34-0.52) in five studies respectively in favour of mitral valve repair (figure 2(b)-(c)).
At 1-year follow-up, the mitral valve repair group continued to have significantly lower mortality rates than the replacement group in four studies 5.8% vs. 14.6%, OR 0.31 (0.14-0.72), p=0.006; figure 2 (d).
Long-term mortality rates were significantly lower in the repair group in twelve studies OR 0.50 (0.41-0.61), P<0.001; figure 3(a). There were no significant differences in the two surgical arms for long-term stroke in five studies, recurrent endocarditis in nine studies and redo operations in ten studies (OR 0.55-0.81 but P=0.21-0.66).
One large study made up just over half of the pooled cohort [7] , but excluding this study did not change any of the endpoints, such as the pooled operative mortality odds ratios of the other sixteen studies being 0.41 (0.29-0.57), P<0.001. Funnel plots were symmetrical pyramid in shape for all pooled outcomes, that for operative mortality for example is shown in figure 4 . This together with Egger's statistic of all pooled outcomes having P>0.05 suggest no significant publication bias.
Discussion
A number of studies have demonstrated mixed results for mitral valve repair in endocarditis compared to mitral valve replacement but this is the first meta-analysis of studies which have compared mitral valve repair and replacement cohorts in the setting of infective endocarditis. This study showed that mitral valve repair was superior to replacement for all in-hospital outcomes for mortality and morbidities as well as long term mortality, with Figure 1 . Literature search and study selection.
Original
otherwise similar long term outcomes, although it should be noted that the interpretation requires appropriate context.
The appeal of surgical repair in the setting of infective endocarditis with respect to long term quality of life is clear [24] . Most of these benefits revolve around avoiding a prosthetic valve and its negatives such as thromboembolism and bleeding with anticoagulation and risk of recurrent endocarditis. However to acquire this benefit mitral valve repair must overcome some hurdles. Specifically, there is the added technical demand and therefore potential to increase the duration of surgery as well as the risk of repair failure or valvular degeneration requiring re-operation.
In this meta-analysis mitral valve repair had significantly lower operative mortality compared to replacement, even with removing the largest study from the analysis [7] . None of the individual studies found a significant operative survival benefit to mitral valve replacement and five studies found a significant survival benefit for mitral valve repair [6, 7, 11, 14, 15, 21] . Similar findings favouring mitral repair for in-hospital complications of stroke and renal failure, both potentially devastating outcomes, were seen. As for all cardiac operations patients must get through the peri-operative period unscathed before considering long term outcomes, so these findings are very promising for mitral repair. The support for mitral repair grows further when exploring long term mortality. Mitral valve repair encouragingly had lower mortality at one year when only four small studies with limited power reported this [8, 16, 17, 22] , as well as at five years.
One issue of mitral valve repair that must be considered is the risk of repair failure that requires re-operation. In the setting of infective endocarditis this has not been routinely reported.
Another reason for adverse outcomes is the failure of excision of all the infected valve tissue leading to infective endocarditis. We did not find higher recurrent endocarditis or redo operation for mitral repair combined, in fact one study found significantly lower rates of both outcomes for repair [14] , and nearly all the other studies showed similar rates. These outcomes are encouraging for mitral valve repair in the setting of infective endocarditis however it should be noted that these important outcomes were only reported in a minority of the studies in this analysis, unlike mortality.
Mitral valve surgery has undergone significant progress with the evolution of techniques of repair [25] . As a result, experience with repairing increasingly complex mitral valve disease has grown with some proponents of mitral valve repair believing that all valves are repairable [26] . Clearly, data and clinical practice regarding mitral valve repair in the setting of endocarditis as opposed to degenerative disease is not unconditionally transferrable and this leads to an important point regarding studies comparing mitral valve repair versus replacement in infective endocarditis. For example the severity and or distribution of tissue destruction that is unique to endocarditis pathology is likely to impact both decision making regarding reparability of a valve and certain outcome measures, although unfortunately this was inconsistently reported across studies. Another important concern is that repair rates continue to be low, making up only about 27% of the entire analysis cohort, and in fact only four studies had repair rates over 50% [13, 15, 17, 20] . Further developments of repair techniques and gaining competence are required to increase repair rates, and it is somewhat promising that three of these high repair rates studies were amongst the five most recent studies in this metaanalysis [13, 15, 20] .
This meta-analysis has some limitations. All studies were retrospective and observational which have the potential of biases, especially for patient selection for surgical strategy. Differences in baseline characteristics between surgical arms are expected but were inconsistently reported across studies to report and analyse, including meta-regression cannot be performed. This lack of patient-level data also meant we could not pool longitudinal outcomes as hazards ratio or time to endpoint measures. There were heterogeneity across the studies in terms of study design and outcomes recorded, and they were somewhat chronologically diverse. Although this was a metaanalysis, analysis of infrequent outcomes remain underpowered. However as with many challenging clinical presentations the In conclusion, this meta-analysis found encouraging and superior outcomes for mitral valve repair compared to replacement for infective endocarditis. The implication is that mitral valve repair, when feasible, should be the preferred strategy for mitral valve endocarditis surgery. We have to be mindful of the limitations of the analysis and manage patient on an individualised basis however, and the next step in this question is perhaps to elucidate the type of patient that is more likely to benefit with mitral valve repair or replacement.
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